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Abstract  Pt nanoparticles were prepared by the chemical 
reduction method. The average diameter of Pt nanoparticles 
was determined to be 2.5 nm by TEM. The electrochemical 
properties of Pt nanoparticles were studied by cyclic volt-
ammetry. In comparison with massive Pt, the oxidation cur-
rent peak of CO adsorbed on Pt nanoparticles is broader. 
Twin adsorbates of CO on Pt nanoparticles were determined 
by in situ  FTIRS for the first time. It has revealed that the 
linear and twin-bonded CO can be converted into 
bridge-bonded CO with the variation of electrode potential. 
A series of special properties of Pt nanoparticles, such as 
enhanced IR absorption of CO adsorbates, were also ob-
served. 
Keywords: nanoparticles, Pt, electrochemistry, in situ FTIRS. 
 In recent years, the study of materials at nanometer 
scales is a frontier field that attracted multidisciplinary 
interest[1 — 3]. Metal nanoparticles exhibit characteristic 
properties different from corresponding bulk materials and 
atomics owing to small size effect, quantum effect and 
surface effect, which have been studied extensively[4—6]. 
Preparation, properties of metal nanoparticles and appli-
cation in physical, chemical and biological fields are im-
portant research subjects. Nanoparticles of transition met-
als are of importance in diverse applications such as ca-
talysis, photoelectric chemistry and ultrasensitive chemi-
cal sensors. It has reported[7—9] that nanoscale platinum 
possesses higher catalytic reactivity than that of traditional 
Pt catalysts in many reactions. In this note, Pt nanoparti-
cles were prepared by the chemical reduction method, and 
their dimension was characterized by the transmission 
electron microscopy (TEM). Using CO as molecu-     
lar probe, the characteristic properties of Pt nanoparticles 
electrode were studied by electrochemical cyclic voltam-
metry and in situ FTIR spectroscopy. 
1  Experimental 
 (ⅰ) Preparation of Pt nanoparticles[10].  0.293 g 
H2PtCl6·6H2O and 0.03 g polyvinyl pyrrolidone (PVP) 
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were dissolved in mixed solvent containing 140 mL Mili-
pore water and 180 mL methanol. 40 mL of 0.1 mol·L−1 
NaOH solution was dropped into the mixed solution dur-
ing vigorously stirring. The solution was then refluxed for 
3 h, the color of the mixture changed from pale yellow to 
dark brown. The solvent was evaporated from the formed 
colloid solution, then Pt nanoparticles were redispersed in 
methanol to get a stable colloid solution. 
 (ⅱ) Preparation of Pt nanoparticles electrode.  Gold 
disk was polished mechanically using sandpaper and alu-
mina powder of size 5, 1 down to 0.5 µm, and was 
cleaned in a ultrasonic bath. After Pt colloids were spread 
on the clean surface of gold electrode, Polyvinyl chloride 
(PVC) was applied to fix Pt nanoparticles firmly on the 
surface. PVC film is a porous material, it can conduct 
electrically by ions moving through out the pore in solu-
tion and often is used as the reagent to form thin film. The 
electrode thus prepared is denoted as nm-Ptn/Au. The 
thickness of the thin film is about several ìm. Pt foil and 
saturated calomel electrode were used as counter and ref-
erence electrodes, respectively. 
 (ⅲ) Experimental conditions.  TEM of high resolu-
tion (JEOL-2000FX) was operated at an acceleration 
voltage of 120 kV. The electrochemical measurements 
were carried out on an XHD-Ⅱpotentiostat (Department 
of Chemistry, Xiamen University), at a sweep rate of 50 
mV·s−1. Electrochemical in situ FTIR spectroscopic 
measurements were conducted on a Nexus 870 FTIR 
spectrometer (Nicolet) equipped with an EverGloTM IR 
source and a liquid nitrogen cooled MCT-A detector. The 
in situ FTIR experimental set-up was described in ref. [11]. 
Because IR energy is strongly absorbed by solvent mole-
cules especially water molecules and the number of 
molecule (CO) adsorbed on electrode surface is very 
small, IR absorption of surface absorbates is hardly de-
tected by conventional IR reflection spectrometry. The 
potential-difference technique is usually used in electro-
chemical in situ spectroscopy. The resulting spectra are 
acquired by subtracting single-beam spectra recorded at 
two different potential in otherwise identical experimental 
conditions. In this study, the multi-step FTIR spectroscopy 
(MS-FTIR) technique was applied[5]. At sample potential 
(Es) CO can absorb steadily on electrode surface, while at 
reference potential (ER) the adsorbed CO (COad) was oxi-
dized completely to CO2. The adsorption of CO was per-
formed by bubbling pure CO gas into a 0.5 mol·L−1 
H2SO4 solution. After having reached saturation adsorp-
tion, CO was removed completely from the bulk solution 
by bubbling N2. As a consequence only adsorbed CO on 
the electrode surface was subjected to in situ FTIRS in-
vestigation. The electrode was finally alligned to parallel 
with IR window to get the maximum IR reflection inten-
sity. The single-beam spectra R(Es), R(ER) were collected 
at Es and ER, respectively, the resulting spectra were cal-
culated at ∆R/R=[R(Es)−R(ER)]/R(ER). Each single-beam 
spectrum was recorded by collecting and coadding 400 
inter-ferograms at a spectral resolution of 16 cm-1. The 
solutions were prepared from super pure sulphuric acid 
and Millipore water. Before each measurement the solu-
tion was deaerated by bubbling pure N2 gas for 20 min. 
All experiments were carried out at room temperature. 
2  Results and discussion 
 (ⅰ) Characterization of Pt nanoparticles.  Fig. 1(a) 
and (b) display a typical image and an electron diffraction 
graph of TEM. As shown in Fig. 1(a), sphere shape 
nanoparticles were observed and the average size was 
about 2.5 nm. The particles are distributed uniformly ex-
cept for a little particle agglomerating. In Fig. 1(b), the 
discernible diffraction stripes indicate that the sample 
contains Pt polycrystalline nanoparticles. The diffraction 
stripes were a little dispersed, which also confirmed the 
nanoscale of Pt particles to a certain extent.  
 
 
Fig. 1.  (a) Transmission electron micrograph of Pt nanoparticles; (b) 
electron diffraction micrograph of Pt nanoparticles. 
 ( ⅱ ) Electrochemical cyclic voltammetric (CV) 
studies.  After having reached saturation adsorption of 
CO on electrode, free CO were removed completely from 
the bulk solution by bubbling N2 into 0.5 mol·L-1 H2SO4. 
The cyclic voltammogram of COad oxidation is shown in 
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Fig. 2. From curves of the 1st and 2nd cycles of CV, it can 
be seen that the adsorption-desorption of hydrogen on Ptn 
between − 0.25 V and 0.05 V were inhibited by COad. The 
oxidation of COad species yielded two current peaks at 0.7 
V and 0.87 V. Because COad species were oxidized com-
pletely in the first cycle of CV, the second cycle of CV 
represents the CV characterization of nm-Ptn/Au in 0.5 
mol·L−1H2SO4. We can observe from the curve of the 
2nd cycle a pair of current peaks between −0.25 V and 
0.05 V attributed to the adsorption-desorption of hydrogen, 
and an oxidation current peak of nm-Ptn/Au at about 0.5 V, 
as well as a reduction current peak at about 0.4V caused 
by the reduction of platinum oxide formed at high poten-
tial during the positive-going potential scan. We can also 
observe Au oxidation current at potential above 1.2 V and 
the reduction current of corresponding oxide of Au at 0.94 
V in negative-going potential sweep. The dotted line in 
Fig. 2 is the CV of nm-Ptn/Au in the solution saturated 
with CO. It can be seen that CO dissolved in the solution 
can be oxidized at potential above 0.05 V, and the CV 
features are similar with those of the first cycle (solid line) 
except for stronger current. 
 
 
Fig. 2.  Cyclic voltammograms of CO on nm-Ptn/Au electrode in 0.5 
mol·L−1 H2SO4 ( — — ) and in 0.5 mol·L−1 H2SO4 saturated with CO 
(----). 
 (ⅲ) in situ FTIR spectroscopic studies.  A series of 
single-beam spectra were collected at Es (from − 0.225V 
to – 0.075V gradually), at which COad is stable. Finally, a 
single-beam spectrum was collected at ER (1.00 V), at 
which COad oxidized completely. The resulting spectra are 
shown in Fig. 3. We can observe three negative-going 
bands around 2050, 1980, and 1820 cm−1, respectively. It 
is known that CO adsorbed on massive Pt electrode form 
mainly linearly bonded CO (COL) and bridged bonded CO 
(COB) species, which give IR absorption at around 2070 
cm−1 and 1860 cm−1, respectively[12,13]. The negative-go- 
ing bands around 1980 cm−1, 1820 cm−1 in Fig. 3 can be 
ascribed respectively to IR absorption of COL and COB. In  
 
Fig. 3.  In situ MSFTIR reflection spectra of CO adsorbed on nm-Ptn/ 
Au electrode in 0.5 mol·L-1H2SO4, ER=1.00V, ES indicated for each 
spectrum (a, open circuit; b, polycrystal Pt electrode; c, no CO adsorbed 
on nm-Ptn/Au electrode; d, PVC/Au electrode). 
comparison with IR features of COad on massive Pt (Fig. 
3(b)), IR absorption of COL and COB adsorbed on Pt 
nanoparticles are significantly enhanced. Since the ad-
sorption of CO inhibits the adsorption of hydrogen on 
electrode, the integrating charge of adsorption-desorption 
of hydrogen on massive Pt and on nm-Ptn/Au electrodes 
will be in direct proportion to the quantity of saturated 
COad on the surface of two electrodes. Therefore, the en-
hancement factor of IR absorption of COad on nm-Ptn/Au 
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COA  are the integrated intensities 
of IR bands of COad on the two electrodes. The value of 
∆IR is calculated to be 48. In Fig. 3(b) (massive Pt), the 
full width at half maximum (FWHM) of the COL band is 
about 13 cm−1, but on the nm-Ptn/Au electrode, the 
FWHM of COL band is increased to 61 cm−1. The band 
around 2050 cm-1 can be primarily ascribed to IR adsorp-
tion of twin adsorbate of CO on Pt nanoparticles. COT 
species have symmetrical and asymmetrical stretch modes, 
which often yield two IR absorption bands, the 
wavenumber discrepancy is about 70 cm−1[14]. In Fig. 3, 
one of the bands at lower wavenumber may be overlapped 
partly with the COL band, leading to the significant in-
crease in the FWHM of band around 1980 cm−1. In order 
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to further study IR properties of CO adsorbed on Pt 
nanoparticles, a spectrum recorded at open circuit (no 
potential added on electrode, electrode system is kept at 
the balance potential of solid|solution interface that is 
about 0.25 V), a spectrum recorded without CO adsorbed 
on nm-Ptn/Au electrode surface and a spectrum acquired 
on Au electrode only coved with PVC are also displayed 
in Fig. 3. It can be seen that there is no IR band on 
PVC/Au, and only a very weak COL band appeared in the  
spectrum acquired without CO adsorbed on nm-Ptn/Au. 
The latter may be attributed to the production of a little 
CO during the preparation of Pt nanoparticles. At open 
circuit, the IR band features are similar to those of spectra 
at Es except for a little weaker band intensity, implying 
that COad may be oxidized at potential of open circuit. 
 The C-O stretching frequencies of COT, COL, COB  
are all shifted with Es. Fig. 4(a) shows the variation of 
σCOT, σCOL and óCOB with Es. From the linear variation of 
the band center versus Es we have measured the electro-
chemical Stark shift at 55 cm−1·V−1 for COL (at 30 
cm−1·V−1 for massive Pt), and at 24 cm-1·V-1 for COB. 
In contrast, COT has a negative Stark shift rate, a value of 
–6.9 cm−1·V−1 has been measured. Moreover, the IR 
intensities of the three bands of COT, COL, COB are also 
varied with Es. The variation of intensity of these bands 
with Es is illustrated in Fig. 4(b). We can see that follow-
ing the increase of Es the intensity of COL and COT bands 




Fig. 4.  Variation of (a) óCO and (b) intensity with ES for CO adsorbed on nm-Ptn/Au electrode. 
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creased linearly. The variation of IR band intensity   
indicated that on nm-Ptn/Au electrode the three adsorption 
modes of CO can be transformed with Es changing, 
namely COL and COT transformed to COB. These results 
are different markedly from IR features of CO adsorbed 
on massive Pt, demonstrating the special properties of Pt 
nanoparticles. 
3  Conclusion 
 In the present study, Pt nanoparticles with a mean 
diameter of 2.5 nm were prepared by the chemical reduc-
tion method. The cyclic voltammetric studies of the Pt 
nanoparticle electrode showed that the oxidation current 
peak of adsorbed CO is broad, implying that more absorp-
tion states of CO may exist on Pt nanoparticles. COT and 
the transformation process from COL and COT to COB 
were explored for the first time through the studies of in 
situ FTIR reflection spectroscopy. The study demonstrated 
that IR absorption of CO adsorbed on Pt nanoparticles is 
significantly enhanced, and an enhancement factor of 48 
has been measured. The FWHM of COL on nm-Ptn/Au is 
increased markedly, which has reached 61 cm−1 and is 
almost quintuple of that on massive Pt. The electro-
chemi-cal Stark shift rate of COL band increased from 30 
(on massive Pt) to 55 cm−1·V−1. These results demon-
strated that the properties of nanoscale Pt were different 
markedly from those of the massive Pt, and also showed 
that the study of Pt nanometer materials is of importance 
for exploring new electrocatalysts and understanding the 
properties of platinum group metales at nanometer scales. 
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